Objective: The aim of the EFCOSUM project was to develop a method to estimate both acute and usual consumption levels in European countries and for the sake of comparison, a common basic method for dietary assessment was needed. The method should allow a reliable comparison of the intake of relevant dietary indicators among large population groups. Design and results: The selection of methodology was based on the available literature and the expertise of the participants. To guide the selection process, decision trees containing all relevant moments of choice, alternatives and criteria for the selection of a method for food consumption measurement were developed. Considering that insight into average food and nutrient intake and their distribution in well-defined groups of individuals was important, it was decided that for the monitoring of the selected dietary indicators food consumption data should be collected at an individual level. Different methods were reviewed (24 h recall, dietary record, food frequency questionnaire, dietary history method). Conclusions: Since the 24 h recall method is applicable in large European populations of different ethnicity, has a relatively low respondent and interviewer burden, is open-ended and is cost-effective, this method can be considered as the best method for EFCOSUM to get population mean intakes and distributions for subjects aged 10 y and over in different European countries. Usual intake should be estimated by statistical modelling techniques, using two non-consecutive 24 h recalls and a food list to assess the proportion non-users for infrequently consumed foods.
Introduction
Dietary intake estimation encompasses the collection of information on the (frequency and) quantity of foods eaten, and, using figures on the food composition, the calculation of intake of energy, nutrients and possibly other components of these foods. To select an appropriate, cost effective method for the monitoring of food consumption in Europe it is important to have insight into the advantages and disadvantages of the different methodologies and their reliability and validity.
Dietary information can be collected at three different levels: food supply data, data on the household level and data on the individual level. Briefly, food supply data or food balance sheets (FBS) provide gross estimates of the type and amount of food available for human consumption within a country. The values can be published as annual tonnage of the major commodities, or as amounts per head of the population.
Although household budget surveys also assess food availability rather than food eaten, in contrast to FBS household surveys can supply information on food (and nutrient) patterns in subgroups of households. These groups may be classified by economic, demographic and other factors, which provide the opportunity for risk group identification. Household budget surveys are carried out in most countries, and the results on the national level are very valuable in assessing trends in food consumption. Thanks to the DAFNE project, it is possible to compare the food availability on the household level for several European countries (Trichopoulou & Lagiou, 1997 ,1998 , Verger et al, 2002 .
A new technique, currently in development (van ErpBaart et al, 2000 ErpBaart et al, ,2001 , is the use of barcodes for the national monitoring of household food purchases. Many processed foods and some fresh foods carry barcodes (EAN, European Article Numbering). Scanning of barcodes opens the possibility of using the data directly to monitor purchases.
In contrast to FBS and household surveys, data on the individual level provide information on average food and nutrient intake and their distribution in well-defined groups of individuals. Data on the individual level facilitate estimation of the adequacy of dietary intake and studying the relationship of diet and health (Bingham, 1988; Willett, 1998) . Therefore, for the monitoring of relevant dietary indicators in Europe, data at the individual level are preferred.
Selection of a dietary method
Which criteria determine the selection of a dietary method? The choice depends on the objectives of the study; the foods or nutrients of primary interest; the need for group vs individual data; the need for absolute vs relative intake estimations; characteristics of the population (for instance age, sex, education=literacy, motivation, socio-cultural diversity); the time frame of interest; the level of specificity needed for describing foods; and available resources. Important preconditions concern the skilled interviewers and the skill for coding the foods, and an accurate, preferably complete nutrient database.
The method for assessment of average dietary intake in large European populations of different ethnicity and manifold nutritional habits must be:
suitable for the purposes of study, ie comparable independently of the country where it is done; suitable for the assessment and the analysis of desired parameters, eg foodstuffs, food groups, nutrients, nonnutritive substances, food supply, food security, nutritional habits; suitable for evaluation of dietary intake in several target groups (eg children, adolescents, elderly, pregnant and lactating women); time-saving both for the investigators and the investigated subjects; requiring ordinary skills in nutritional practice from the interviewers; matched to financial resources, ie cost effective; adequately sensitive, specific and high predictive value.
In the following section, different methods for food consumption measurement will be discussed following these criteria.
Method to be used alone or as calibration method
Methods to collect dietary intake data on the individual level can roughly be divided into two categories, short-term and long-term instruments. Short-term dietary assessment methods collect dietary information on current intake. They vary from recalling the intake from the previous day (24 h recall) to keeping a record of the intake of food and drinks over one or more days (dietary record). Long-term dietary assessment methods collect information on usual food intake over the previous months or years (dietary history or food frequency questionnaire). Each method has its own strengths and weaknesses, and there is no single ideal method. Using calibration techniques, values from one method that are quantitatively related to values obtained with a for the purpose of the survey superior standard method, can be combined. The four general methods for estimation of dietary intake of individuals, with strengths and weaknesses of each method, are summarized below. Detailed descriptions are presented elsewhere (Bingham, 1987; Anderson, 1988; Thompson & Byers, 1994; Pao & Cypel, 1996) .
The 24 h dietary recall
The 24 h recall, originally attributed to Wiehl (1942) , means an interview. The investigator asks the respondent to enumerate the foods and beverages consumed in the preceding full day, including their quantity (occasionally, the recall period starts with the last eating event and moves backwards for 24 h). The interview might be carried out face-to-face or over the phone (Casey et al, 1999) . The interview, eg the collection of data, may be computer-assisted and thus facilitated. The method is dependent on well-trained interviewers skilled in the identification of available foods and meals, in preparation practices used generally or in certain regions and by certain ethnic groups. They should be familiar with the nutritional habits (eg the foods usually eaten together) to be able to get detailed and complete answers and to control the accuracy of data. For an efficacious elaboration and evaluation, a coding system of foodstuffs and meals, and also a computerized program are needed (Beaton et al, 1979; Nelson & Bingham, 1997; De Henauw et al, 2002; Slimani & Valsta, 2002) . Due to intra-individual variability, a single 24 h recall does not represent the usual individual intake but it characterizes the average intake of a group or population fairly well.
Advantages. The personal contact contributes to the reliability of the collected data. The 24 h recall is applicable for broad populations of different ethnicity, there is no literacy requirement and the respondent burden is relatively small. The administration time is short (for an interview roughly 15 -20 min is necessary), the interview is open-ended and the procedure does not alter food intake pattern.
Disadvantages. The respondents' recall depends on memory. Portion size is difficult to estimate accurately and trained interviewers are required. The individual's diet varies day by day and usual intake of an individual cannot be assessed from one day's intake. Therefore, a single 24 h recall is inappropriate to analyse the association between nutrient intake and biochemical markers of supply or other health parameters.
Dietary record
In accordance with this method, the respondent records the foods and beverages consumed. In addition, the record of the amounts consumed is needed by weighing or estimated by using household utensils (eg cups, tablespoons) or food models. For the latter a collection of pictures seems useful. In general, a record of 3 days, randomized to cover seasonal and weekday variations, is recommended to get information on mean food consumption and its distribution in a group of individuals (Bingham et al, 1988) . The reporting must be done at the time of consumption on paper or using a dictaphone. Before data collection, the persons investigated will be trained in the adequate describing of their diet regarding the specification of foods, amounts, cooking methods etc. The report may be combined with a personal interview after the first day and at the end of reporting. A skilled interviewer can make reports more accurate, clarify the entries and add the omitted items or amounts.
Advantages. The dietary record is fairly accurate with respect to the foods consumed. The weighing method is often regarded as the 'golden standard' among the dietary assessment methods. It does not rely on respondents' memory and omission of food might be minimal. The dietary record is open-ended. Its adoption looks relatively easy, but well-trained professionals are indispensable.
Disadvantages. The record method requires good cooperation on part of the respondents who should be motivated, moreover literate (when paper is used for recording). There is a high participation burden. Habitual eating patterns may be influenced or changed by the recording process. The reliability of records decreases over time, because of respondents' fatigue. If the investigated subject does not record the meals, immediately as they are being eaten, the number of omitted foods or other faults increases.
Food frequency questionnaire
In the case of food frequency questionnaire (FFQ) the heart of matter is to ask the subject investigated on his=her usual frequency of consumption of foods listed in a questionnaire for certain periods (mostly last month(s) or year). For estimation of quantities of foods eaten and=or nutrient intakes, several FFQs include questions regarding the portion size (semiquantitative FFQ, SQFFQ). To estimate nutrient intake, food frequency scores for individual items are multiplied by the nutrient content of the local standard portion or estimated portion size (Bingham et al, 1988) . The development of the food list is crucial to a successful and reliable data collection. It is difficult to develop a comprehensive list including enough but not too many food items so that respondents of very different eating habits can find the right answer. Ideally, the food list has to be adapted to the studied population. Brief FFQs may focus on the intake of one or several specific nutrients. Comprehensive FFQs designed to estimate a larger number of nutrients generally include between 50 and 150 or more food items.
Advantages. A FFQ seems a useful tool to estimate (selected) foods usually eaten and can be used to rank individuals by food or nutrient intakes (SQFFQ) so that characteristics of those with high and low intakes may be compared. The FFQ may be self-administered and if checked by an interviewer it requires fairly little time. FFQs are mostly precoded which facilitates simple data handling, and are relatively inexpensive. The respondents' customary eating patterns are not affected, and the respondents' burden is small. The FFQ is suitable for large population surveys.
Disadvantages. Memory of food pattern in the past is required and actual intake may influence reporting of intake in the past; the recall period may be imprecise and often complex calculations are required to estimate frequencies. Quantification of food intake may be inaccurate because of poor estimation of recall portions or use of standard portion sizes, limited possibilities for food specification and high aggregation level of types of food. The FFQ is not open-ended.
Diet history
The original diet history attributed to Burke (1947) starts with an interview to determine the usual meal pattern, most frequently from a 24 h recall. The second step is a food frequency questionnaire and the third one a 3 day dietary record. Thus, it is a combined method, and the strengths and the weaknesses of each method will be partly equalized. It requires skilled staff, and much labour and time, and it has a high respondent burden. Nowadays there exist numerous variants of the dietary history method. Often the 3 day estimated record is abandoned. Individuals are asked to recall their food intake for the past month, several months or a year. For instance, in the German Nutrition Survey 1998 a comprehensive dietary history was performed with the use of the software Dishes 98. This program is a combination of a food frequency and 4 week recall (including estimation of meal pattern) and is integrated with a food composition database and portion size database (Mensink et al, 1999) .
The validity of dietary assessment
The validity means on one hand whether the findings of a study give a reasonable representation of the true situation (external validity), and on the other hand, whether a measure of exposure or outcome actually measures that exposure or outcome (internal validity). The external validity does not exist without the internal validity. Measures of sensitivity, specificity and predictive value relate to the latter type. A study is considered valid if the findings can be taken as a reasonable representation of the true situation. An ideal method for epidemiological purposes should provide an Selection of methodology to assess food intake G Biró et al adequate degree of accuracy about the foods or nutrients consumed by individuals to test the hypothesis of interest in a powerful fashion (Kohlmeier, 1994) . Therefore, the study must measure diet at the relevant time, in the relevant population, and using a method which measures the true relevant exposure. It assumes that there are no errors in the way data are collected, analysed and interpreted (Margetts & Nelson, 1997) . Undoubtedly, no dietary method perfectly fulfils the requirements of an ideal method. Every measurement of dietary intake is associated with both random and systematic error. Errors arise from the use of food composition tables (see also Ireland et al, 2002) , food coding (see also Verger et al, 2002) , portion size estimation, daily variation, reporting error, change in diet, response bias, and sampling bias (Bingham, 1987) . Different methods of dietary assessment have different types of error structure. For instance, methods relying on memory are prone to reporting error, change in diet may occur in dietary records etc. Independent of the dietary method, under-reporting has been observed frequently in food consumption surveys. Overweight individuals are especially likely to under-report the amount they eat (Macdiarmid & Blundell, 1998) . To assess the validity of a method only a 'relative' validation can be used; generally, methods are compared with results from food records and sometimes with biomarkers such as doubly labelled water or urinary nitrogen excretion.
The validity of questionnaire estimates of food consumption (or nutrient intake) varies between items and between communities (Nelson & Bingham, 1997) . Biomarkers generally confirm that dietary records are more likely to rank subjects correctly when estimating habitual diet than other methods such as FFQ (Bingham et al, 1995; Porrini et al, 1995; Young et al, 1994; Rothenberg, 1994) . Reported differences in mean energy intakes calculated from 24 h recalls compared with calculations from observed intakes (mostly measured in institutional settings) ranged from no significant difference to 19% less for recalled intakes. Overall, recalls tend to underestimate intake by about 10% compared with observed intake (Willett, 1998) . A 10% underestimate of energy intake was also reported when comparing 3-and 4-day diaries with observed intakes in a military dining hall setting (Schnakenberg et al, 1981) . Karvetti and Knuts (1992) compared 2 day estimated records with observed intakes of adults and found no significant differences between the two methods in terms of the calculated intakes of energy and most nutrients.
Dietary intake assessment of population subgroups such as children and the elderly may present special problems. In children, the problems relate to their ability to recall the frequency as well as both the types and amounts of foods consumed, and their ability to conceptualize portion sizes. In the elderly memory defects, sensory deficiencies (loss of hearing and vision) and neuro-musculo-skeletal diseases may impede retrospective and prospective dietary information. Therefore, the validity of dietary intake assessments in children and in the elderly will be presented in more detail.
Assessment of dietary intake in children
Twenty-four-hour recalls can be used with acceptable internal and external validity with children as the informants if the children are 10 y or older. Below that age, parent's or guardian's help is necessary, and in that case, the accuracy of reporting is comparable to that found in adults (Eck et al, 1991; Beelu et al, 1996; Blum et al, 1999; Iannotti et al, 1994; Klesges et al, 1987; Rockett et al, 1997) . Food frequency questionnaires seem to be an alternative method to assess dietary intake, however to comprehend the food frequency questionnaire children usually have to be older than 12 y (Field et al, 1999; Robinson et al, 1999) . Prospective intake information is, of course, dependent on the child's reading and writing abilities. Validation studies with doubly labelled water have demonstrated the 24 h recall to be representative of energy expenditure in children (Livingstone et al, 1992; Bandini et al, 1997) while food frequency questionnaires significantly overestimate habitual energy intake (Kaskoun et al, 1994) . Apparently, 24 h urinary nitrogen cannot be used in children to validate intake, due to nitrogen accretion taking place during growth. Adolescents (furthermore obese subjects and female endurance athletes) seem to underestimate energy intake (individual errors in energy intake may reach 50%). There is no information to suggest that accuracy and precision of different food intake assessment methods is influenced by cultural background of children.
Assessment of dietary intake in the elderly
Several studies have been carried out to assess the internal and external validity of dietary intakes in the elderly (Van Staveren et al, 1996; Nes et al, 1992; Rothenberg, 1994; Visser et al, 1995) . The observation that food intake measurement methods that rely on retrospective reports may be less suitable in older people requires confirmation (Van Staveren et al, 1994) . So far, there are no hard scientific data to conclude that healthy and well-functioning elderly are faced with specific problems compared to the younger age group with respect to dietary intake assessment. None of the dietary assessment methods give accurate estimates of the usual energy requirements of individual elderly subjects. Dietary histories and dietary records seem to underestimate food intake in the elderly as in younger age groups (Sawaya et al, 1996; Kaczkowski et al, 2000) . Well-conducted simple methods (24 h recall and food frequency questionnaires) for assessing group mean dietary intakes may give more accurate information than the more labour-intensive weighed dietary record (Sawaya et al, 1996) . However, it must be realized that most studies have been conducted in healthy and wellfunctioning elderly, and none of the common methods are probably applicable in elderly with memory deficits or other disabilities. There is no information to suggest that accuracy and precision of different food intake assessment methods is influenced by cultural background of elderly people.
The role of portion size in dietary assessment
The ability to relate actual consumption to descriptions of portion sizes and estimates of frequency will vary substantially between groups, and as described above quantification of portion sizes is one of the sources of error in collecting food intake data. This is especially the case when the assessment of food consumed must be recalled from memory (Guthrie, 1984) . In short-term dietary methods, a certain portion of food has been consumed and the validity of the method depends on the accurate recording or recall of this portion size whereas long-term dietary methods concern the concept of 'usual' portion size. In estimating portion sizes, several measurement aids can be used to help the individual to quantify the amounts of food eaten. Roughly, one can distinguish three-dimensional measurement aids, such as real food samples, food replicas, food models, household measures, and two-dimensional measurement aids such as drawings of real foods, abstract shapes, food photographs, computer graphics etc.
Identifying portion sizes with the aid of measurement devices, however, is a complex process in which perception, conceptualization and memory play a role. Perception involves a subject's ability to relate an amount of food, which is present in reality, to an amount of food in a twoor three-dimensional model. Conceptualization concerns a subject's ability to make a mental construct of an amount of food, which is not present in reality, and to relate that to a portion size measurement aid, whereas memory will affect the precision of the conceptualisation (Nelson et al, 1994) . The concept of 'usual' portion size seems very complex. Some of the available data suggest that additional questions on portion sizes in food frequency questionnaires do not add substantially to the assessment of dietary intake (Tjønneland et al, 1992; Hernandez-Avilla et al, 1988; Margetts et al, 1989) whereas other data show an improvement in the relative validity (Block et al, 1990; Jackson et al, 1990; KuskowskaWolk et al, 1992) . Including a specification for some foods, particularly for those that can be used in different forms, ie milk as beverage and milk added to coffee, might facilitate the respondents' conceptualization (Nelson et al, 1996) . Moreover, in the importance of portion sizes culturally based differences might also play a role. This means that a careful consideration of potential advantages and disadvantages of including portion sizes in a food frequency questionnaire has to be made.
In general, studies investigating differences between actual and recalled portion sizes (using 24 h recalls and estimated dietary records) have shown that certain types of foods are more likely to be overestimated than others (for instance mashed potatoes, gravy) and overestimation appears to be more frequent than underestimation (Wein et al, 1990; Yuhas et al, 1989) . In most studies overestimation tended to be greater among those who eat smaller portions and underestimation among those who eat larger portions (Faggiano et al, 1992; Haraldsdó ttir et al, 1994) . Some studies have reported that women estimate portion sizes more accurately than men (Yuhas et al, 1989) , but other investigators have found no differences according to gender (Wein et al, 1990; Karvetti & Knuts, 1992) .
Regarding the different portion size measurement aids, there is little conclusive evidence of the greater benefit of any one type. Data from published surveys indicated that differences between the food quantity estimates obtained from different portion size measurement aids were not statistically significant (Cypel et al, 1997) . Therefore, practical reasons might affect the choice. Two-dimensional models have the advantages of being easily copied, making them appropriate for incorporation into a diary=questionnaire and making them suitable for dietary assessment in large epidemiological studies. Photographs can include a wide range of individual foods, making them highly specific, and the use of a series of photographs is preferred above use of one average photograph (Nelson et al, 1996) .
Selecting an appropriate dietary assessment method for EFCOSUM
The objective of EFCOSUM was to select a method, which can be used to monitor food consumption in different European populations in order to estimate average consumption of foods, but also intake distribution of energy and nutrients, and (acute) intake levels of contaminants and additives. Since other methods are more suitable to estimate the intake of contaminants and food additives, eg duplicate diets, market basket studies and possible use of EAN codes, these chemicals were not taken into account in selecting an appropriate method. Furthermore, for assessment of the adequacy of selected micronutrient intakes biomarkers are the method of choice (Steingrímsdó ttir et al, 2002; Ovesen & Boeing, 2002) . In Figure 1 , the relevant criteria, moments of choice and alternatives are structured as a decision tree. Following this decision tree, it appears that the 24 h recall as well as the dietary record can be selected as appropriate methods to assess both acute and usual intake on the individual level by repeated short time measurements and modelling.
In Europe, a method is needed for a reliable comparison of large population groups' nutrition. We are not seeking unspecified dietary components that may be related to health status but those dietary indicators (foods and nutrients) that are most relevant with respect to health (see Steingrímsdó ttir et al, 2002 ). An inventory of available national dietary surveys showed that the 24 h recall method is commonly used for dietary assessment (Verger et al, 2002) . The 24 h recall is also used in nation-wide monitoring studies in the USA, Canada and Australia (Briefel, 1994; Tippett et al, 1999; Wright et al, 1998) .
For EFCOSUM a 24 h recall would be preferred because it is applicable in large populations of different ethnicity, has relatively low respondent and interviewer burden and is open-ended. The 24 h recall yields good information on the average dietary intake of a large population. A 24 h recall is also suitable to use as a calibration method for those countries that wish to continue ongoing nutrition surveillance programmes using other methods for food consumption measurements (Riboli & Kaaks, 1997) . As part of EPIC the 24 h recall has already been tested in the European context for 10 countries (Slimani et al, 1999 ) and seems to be applicable for all study populations in Europe. The version being applied is based on a highly standardized computer program and a common food list (Slimani & Valsta, 2002) . From this view, the 24 h recall is the ideal instrument for evaluating the dietary intake across Europe.
However, a single 24 h recall is not suitable for determining distributions of usual dietary intake. To get population distributions of habitual intake one might use repeated 24 h recalls. Thereafter, habitual intake distributions are constructed by applying suitable statistical formulas and data transformations (Hoffmann et al, 2002; Volatier et al, 2002) . Simple questionnaires are needed additionally to estimate the proportion of users of certain food items, which are infrequently eaten. Alternatively, food frequency questionnaires might be used which cover a long-time period. However, food frequency questionnaires are usually adapted to the local study population and therefore are not directly comparable to each other in a multinational study. At least in the current stage, no long-term food frequency questionnaire is known which has been used in the European context and which delivers sufficiently detailed dietary data adjusted for study specific bias (Hoffmann et al, 2002) .
Conclusions
In conclusion, the 24 h recall can be considered as the best method to get population means and distributions for subjects aged 10 y over in the different European countries. To get insight into the usual intake two non-consecutive 24 h recalls and a food list to assess the non-users for infrequently consumed foods are needed. For the quantification of Selection of methodology to assess food intake G Biró et al portion sizes a picture book, including country-specific dishes, with additional household measures and other relevant measurements is recommended.
